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(57) ABSTRACT

A drug which protects 1individuals against hepatitis C virus
(HCV) is made of HCV hyperimmune globulins, which
cguarantee a substantial hyperimmunity against HCV thanks
to a substantial hyperconcentration of virus C neutralizing
antibodies. This hyperconcentration 1s obtained from blood
of a large number of anti-HCV positive blood donors. The
material used for the preparation of the HCV hyperimmune
globulins 1s made of up to 100% of anti-HCV positive blood
units.
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METHOD OF PRODUCING SPECIFIC
IMMUNOGLOBIN TO BLOCK HCV
INFECTION

The present invention relates to a drug adapted to protect
individuals against the viral hepatitis infection.

It was only 1n the early 40’s, 1in the U.S.A., that viruses
(designated. “hepatitis A and hepatitis B viruses™) capable of
causing hepatitis were detected 1n samples of human blood.
Individuals 1nvariably recover from viral hepatitis A,
whereas 5—10% of patients affected by viral hepatitis B do
not recover, but go on to develop chronic hepatitis or
become asymptomatic chronic carriers of the disease. The
serum of patients who recover from viral hepatitis infection
contains antibodies that neutralize the effect of the virus.

Consequently, 1n an attempt to protect individuals at-risk
of contracting the infection, researchers began first to pro-
duce immune serum globulins and later vaccines.

When only hepatitis A and B viruses were known, all
viral hepatitis infections not attributable to these viruses
were called “nonA-nonB hepatitis”. It 1s important to note
that the hepatitis C virus (HCV) was discovered only about
seven years ago and that it is the cause of the majority (80%)
of parenterally transmitted nonA-nonB hepatitis cases.

Hepatitis C infection can be very severe because of its
fatal sequelae, 1.e., chronic hepatitis, liver cirrhosis and
hepatocellular carcinoma. Only about 20-30% of infected
mdividuals recover from the disease. Furthermore, infected
subjects can transmit the infection to other individuals by
means of their blood, the sexual route, etc.

It should be noted that most HCV-infected individuals
are asymptomatic. Therefore, they are often unaware they
have the infection and can transmit it to others.

While vaccimes and specific immune preparations are
used for the prevention of hepatitis A and B infection, there
are at present no measures to protect all the many subjects
exposed to the risk of acquiring HCV 1nfection.

At present, HCV affects about 300 million people world-
wide. Given the lack of effective protective measures, these
infected individuals are a potential danger because they can
spread this scourge through the world with devastating
human, social and economic consequences.

The drug according to the present invention intends to
make available to mankind a product that can effectively
protect from HCV infection and 1s characterized by a
substantial hyperimmunity against HCV, said hyperimmu-
nity being due to a substantial hyperconcentration of virus C
neutralizing antibodies.

Furthermore the drug according to the mmvention would
be produced from blood units collected from HCV-infected
individuals that contain a substantially high concentrations
of HCV neutralizing antibodies. The final product would be
sate because any HCV or any other possible infectious
agents, that could be present 1n the blood units used for
preparing the drug according to the invention, are inacti-
vated by the Cohn method (alcohol fractionation) and/or by
other possible virucidal treatments and/or additional meth-
ods capable of mactivating infectious agents.

At last, the use of the drug according to the invention 1s
directed to substantially protect the individuals against HCV
infection, such as, for example:

sexual partners of HCV-infected patients,

patients undergoing hemodialysis,

patients undergoing dental therapy or chiropodistry,
drug abusers,

patients affected by HCV-related fulminate hepatitis, liver
cirrhosis or hepatocellular carcinoma undergoing liver
transplantation,

ctc, ctc.
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Additionally, the use of the drug according to the inven-
tion 1s also directed to substantially block HCV infection 1n
all other possible conditions.

These and further features of the drug according to the
invention will be apparent from the following description.

DESCRIPTION

The proposal of the drug according to the invention arose
from an informed intuition later confirmed by experiments
performed both 1n animals and 1n humans.

It 1s well known that blood 1s used also for the production
of immune serum globulins (ISG or standard polyvalent
[SG), that are present in plasma (the liquid part of blood) and
are effective 1n preventing one or more infectious diseases.
The starting material for the preparation of ISG 1s generally

blood collected from at least 10,000 blood donors.

The mechanism of prevention obtained with ISG 1s the
following: 1ndividuals affected by one or more infectious
diseases (which can be clinically apparent or not) produce
antibodies against those ifectious agents and these antibod-
ies are present 1n their blood. Some of these antibodies are
defined “infection-related”, because their presence 1s €vi-
dence of the infection, whereas other antibodies are defined
“neutralizing”, because they are able to destroy the agents
that cause the infection.

For example, subjects infected by hepatitis A virus
recover because they produce hepatitis A virus antibodies
(i.e. hepatitis A virus neutralizing antibodies), that destroy
the infectious agent. After recovery from the 1illness, the
“memory” of this experience (infection) remains in the
blood because hepatitis A virus neutralizing antibodies per-
sist throughout the subject’s life.

If the plasma of a subject who has recovered from
hepatitis A infection (and which thus contains hepatitis virus
A neutralizing antibodies) is administered to person who has
never been exposed to hepatitis A virus and hence 1s sus-
ceptible to infection, the latter will be protected against this
virus by virtue of these passively administered antibodies.

Because hepatitis A virus neutralizing antibodies, like
most neutralizing antibodies against other infectious agents,
are present only 1in a limited percentage of the population,
the starting material for producing ISG, which 1s effective
against several infectious agents, must be blood pooled from
at least 10,000 blood donors. Protection from infection can
also be obtained with “hyperimmune globulins™ (i.e., spe-
cific immune globulins) that contain the same antibodies as
ISG, except that the antibody against one particular infec-
tious agent is present in high concentration (i.e., at least

five-fold the concentration present i standard polyvalent
ISG).

Hyperimmune globulin preparations are produced from
the blood of donors specifically immunized with the relative
vaccine or from blood donors who have recovered from the
natural 1nfection.

HCYV 1nfection 1s one of the most pressing health prob-
lems facing mankind today. About 300 million individuals
worldwide are infected by this virus, many of whom die
from liver cirrhosis or liver cancer. A fundamental problem
in the fight against HCV infection 1s the existence of
asymptomatic infected subjects, who are unaware they are
alfected and who are a potential source of infection for
others.

Seven years ago Dr.M.Houghton and his research team
(Chiron Corp., Emeryville, Calif., USA) identified the etio-
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logical agent of hepatitis C infection. This led to a break-
through and for the first time a serological test became
available that identified individuals infected by HCV. The
diagnostic test 1s based on the detection of the antibodies
induced by the virus (i.e., HCV antibodies). As mentioned
above, these antibodies are infection-related antibodies and
their presence 1n serum 1s merely a demonstration that the
subject 1s HCV-infected.

Generally, the percentage of HC V-infected subjects varies
from country to country and from continent to continent. In
Italy the mean prevalence of HCV infection 1 the popula-
tion 1s about 2%, 1t 1s lower 1n the USA and about 4.5% 1n
Africa. It 1s important to emphasize that about 50% of the
pooled blood samples used worldwide come from develop-
ing countries. Untill 1993 blood pooling centers did not
discriminate HCV-infected blood donors from other donors.
After 1993 most healthy authorities worldwide decreed that
the anti-HCV positive blood units (i.e., blood containing
infection-related antibodies) collected from HCV-infected
donors should not to be used 1n pooled blood samples.

Thus, about 2% of blood units collected 1n Italy and 4.5%
of blood units collected 1n Africa, etc., are discarded because
they are anti-HCV positive. In Italy the law according to
which all anti-HCV positive blood units are discarded came
into effect 1n March 1993. After this date only anti-HCV

negative blood units are used to prepare ISG.

On the ntuition that ISG contain HCV neutralizing
antibodies, before the tests to detect said HCV neutralizing
antibodies were available, Piazza and co-workers, 1n a
research that started in 1991 and ended 1n 1993, found that
ISG produced from blood units, which were not screened for
anti-HCV, protected the sexual partners of HCV-infected
patients from the infection 1n a statistically significant fash-
ion. Later 1n an experimental study on chimpanzees Hough-
ton et al. showed that HCV induced the appearance of
neutralizing antibodies, defined anti-gpE1l/epE2, that pro-
tected the chimpanzees from the mnfection. The neutralizing
activity of these antibodies was confirmed by a reliable
specific test (neutralization of binding assay).

The unscreened ISG used by Piazza 1n his clinical study
and some lots of screened ISG produced after 1993 were
tested to verity if they contained the anti-gpE1l/gpE2 neu-
tralizing antibodies.

The results of this study were striking:

a) all the lots of ISG produced from blood units pooled
from donors unscreened for anti-HCV contained high
titers of HCV neutralizing antibodies;

b) no HCV neutralizing antibodies were detected in any of
the lots of screened ISG currently on the market, which
are produced exclusively from anti-HCV negative
blood units.

Piazza then asked to himself which was the difference
between the unscreened ISG preparations which contain
HCYV neutralizing antibodies and the screened ISG prepa-
rations which do not contain said HCV neutralizing anti-
bodies.

Piazza intuited that the difference consists only 1n the fact
that the unscreened ISG contain a small (about 2%) per-
centage of anti-HCV positive blood units, whereas the
screened ones do not contain said anti-HCV positive blood
percentage. Thus 1t 1s logical, as Piazza intuited, that the
HCYV neutralizing antibodies are contained only 1n that small
aliquot of anti-HCV positive blood units (2%) which are
now, by law, discarded.

Piazza then asked to himself. “If said anti-HCV positive
blood units, which are now discarded, were utilized for the
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4

preparation of immune globulins, would the HCV neutral-
izing antibodies (anti-gpE1/gpE2 and/or other type of HCV
neutralizing antibodies) contained in said immune globulins
be substantially hyperconcentrated?”

The hypothesis and the intuition prompted the idea of
producing hyperimmune globulins against the hepatitis C
virus using as source material only the anti-HCV-positive
blood units, which at present are discarded. HCV hyperim-
mune globulins that are produced from up to 100% of
anti-HCV-positive blood units will contain an even higher
fiter of HCV neutralizing antibodies than the pre-1993
immune serum globulins, which were produced from blood
units containing only 2% of anti-HCV positive blood units.

HCV hyperimmune globulins so produced would contain
a mean HCV neutralizing antibody fiter about fifty-fold
higher than that present in the pre-1993 immune serum
olobulins that were effective 1n preventing HCV 1nfection in
sexual partners of HCV-infected patients. In order to obtain
HCV hyperimmune globulins with even higher HCV neu-
tralizing antibody titers, only those anti-HCV positive blood
units containing very high titers of HCV neutralizing anti-
bodies should be utilized as starting material.

Obviously hyperimmune globulins against HCV should
be prepared from blood of a very large number of anti-HCV
positive blood donors in order to obtain a wide range of
heterogencous neutralizing antibodies to the different strains
of HCV.

Besides protecting from infection sexual partners of
HCV-infected patients, these HCV hyperimmune globulins
could be used 1n many other situations in which individuals
are exposed to the risk of acquiring HCV infection, ¢.g.
patients undergoing hemodialysis, patients undergoing den-
tal therapy or chiropodistry, drug abusers, etc.

Finally, HCV hyperimmune globulins would be of great
benelit in preventing HCV reinfection after liver transplan-
tation 1n patients affected by HCV-related fulminant
hepatitis, liver cirrhosis or hepatocellular carcinoma. In fact,
a major complication in these patients 1s given by the
reinfection of the transplanted liver by HCV.

Additionally, HCV hyperimmune globulins could also be
used to substantially block HCV infection in all other
possible conditions.

Other 1important advantages, which should be taken mto
account, are that anti-HCV positive blood donors, who are
now excluded from donating their blood, will feel in the
future socially useful. In addition, the HCV-infected patients
themselves will be able to enjoy a social life unconditioned
by the thought they may affect their partners. The drug
according to the invention, herein referred to as HCV
hyperimmune globulins, will cost much less to produce than
other hyperimmune globulins currently used for other infec-
tious agents. Moreover, the costs of disposing of anti-HCV
positive blood units represent a further saving.

At last, the drug according to the 1nvention 1s safe. In fact,
immune serum globulins prepared for intramuscular use by
Cohn method (alcohol fractionation, which inactivates both
HCV and other infectious agents) have been safely used
throughout the world for over 50 years. Virucidal treatments
and/or additional methods capable of inactivating infectious
agents can also be added to production process, in order to
assure further the safety of the final product. HCV hyper-

immune globulin preparations are intended not only for
intramuscular use but also for intravenous use.

What 1s claimed 1s:

1. A method of producing an antibody composition,
wherein said antibody composition (1) contains a substantial
hyperconcentration of a multiplicity of hepatitis C virus
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neutralizing antibodies effective to neutralize different
strains of hepatitis C virus and (2) blocks hepatitis C virus
infection 1n subjects infected with hepatitis C virus, com-
Prising;

(a) obtaining anti-hepatitis C virus-positive blood units
which contain high titers of hepatitis C virus neutral-
1zing antibodies from a multiplicity of anti-hepatitis C
virus-positive blood donors;

(b) pooling the blood units which contain high titers of
hepatitis C virus neutralizing antibodies to form a
pooled plasma which contains a high titer of hepatitis
C virus neutralizing antibodies; and

10
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(¢) fractioning the pooled plasma to produce the antibody

composition wherein infectious agents 1n the compo-
sition have been 1nactivated.

2. The method of claim 1, wherein thousands of anti-
hepatitis C virus positive blood units which contain high
titers of hepatitis C virus neutralizing antibodies are pooled
to produce said pooled plasma.

3. The method of claim 1, wherein said fractioning is
accomplished by alcohol fractionation.
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